A PPROXIMATELY 10% TO 20% of patients recovering from critical illness experience persistent organ failures necessitating complex care for a prolonged period of time. 1 Traditionally these patients spent their entire acute care episode in a general medical-surgical hospital. However, in recent years longterm acute care hospitals have emerged as a novel care model for patients recovering from severe acute illness. 2 Long-term acute care hospitals are defined by the Centers for Medicare & Medicaid Services (CMS) as acute care hospitals with a mean length of stay equal to or greater than 25 days. 3 Typically these hospitals provide care for patients who do not require all of the services of a short-stay hospital but still have significant ongoing care needs. In the post-intensive care unit (ICU) setting, these hospitals act as specialized hospitals for patients requiring prolonged mechanical ventilation and those with other types of chronic critical illness. 4, 5 With the aging of the population and advances in critical care, the incidence of chronic critical illness is expected to increase in the coming years. 6 Long-term acute care hospitals could play a particularly important role in caring for these patients. Yet despite their increasing role, few population-based data exist on overall patterns of longterm acute care use, and little is known about how the characteristics of patients transferred into long-term acute care have evolved over time. The purpose of this study was to examine the epidemiology of long-term acute care hospital utilization following hospitalization for critical illness in the United States using fee-for-service Medicare beneficiaries. Such information can inform health policy and future planning with respect to these hospitals, as well as help policy makers understand how novel organizational structures affect health care as a whole.
METHODS

Study Design and Data
We performed a retrospective cohort study of long-term acute care utilization after critical illness in the United States from 1997 to 2006. We obtained patient-level hospitalization data from the CMS Medicare Provider Analysis and Review (MedPAR) files. MedPAR contains detailed demographic and clinical data on hospitalizations for fee-for-service Medicare beneficiaries. 7 Medicare is the payer for approximately 70% of long-term acute care hospitalizations and is the only national data source for these hospitalizations in the United States. 8 Hospital characteristics were obtained from the CMS Healthcare Cost Report Information System (HCRIS). 9 Year-specific population estimates were obtained from the Centers for Disease Control and Prevention's National Center for Health Statistics (http://www.cdc.gov/nchs). This project was approved by the University of Pennsylvania institutional review board.
Patients and Variables
We examined all MedPAR hospitalizations involving admission to an intensive care unit (ICU) in a general acute care hospital, using ICU-specific resource utilization codes that included general ICUs, specialty ICUs, and coronary care units but excluded intermediate-care units. 10 General acute care hospitals were defined using shortstay admission codes in MedPAR. We did not include hospitalizations that did not involve an ICU admission, even if the patient was subsequently transferred to a long-term acute care hospital. These patients are unlikely to be as medically complex as those transferred after an ICU stay, and the role of long-term acute care hospitals in their care is less well defined. We excluded hospitalizations in Alaska and Hawaii because the unique geography of these states limits access to long-term acute care. We also excluded hospitalizations for patients younger than 65 years at the time of admission because these patients are typically enrolled in Medicare due to disability or end-stage renal disease, and may not be representative of the elderly population as a whole.
Long-term acute care hospitals were identified using the HCRIS database (provider type=general long-term) and MedPAR provider numbers (provider type=long-term hospital). These fields are based on Medicare certification and can be used to differentiate long-stay hospitals from short-stay hospitals and skilled nursing facilities. For hospitals in which one but not both of these data sources indicated long-term acute care status (274 of 8514; 3.2%), we performed Internet searches and placed telephone calls to confirm the hospital type.
We defined long-term acute care hospital transfers as temporally adjacent hospitalizations (ie, discharge from the first hospital on day n and admission to the second hospital on day n or n ϩ 1), in which the first hospitalization is in a short-stay hospital and the second hospitalization is in a longterm acute care hospital. 11 For ICU admissions that did not result in a longterm acute care transfer, we used the MedPAR discharge location field to determine the patient's discharge status, excluding patients with unknown discharge status (0.04% of total) and patients discharged to another short stay hospital (8.0% of total).
Patient-level demographic and clinical data were obtained directly from the Medicare claims. Race was grouped into black, white, and other. 12 Primary diagnoses, surgical status, comorbid conditions, and use of mechanical ventilation were obtained from International Classification of Diseases diagnosis and procedure codes, as previously validated. [13] [14] [15] [16] Patient-level hospital costs for both short-stay and long-term acute care hospitals were determined from the claims by multiplying individual departmental charges by departmentspecific cost-to-charge ratios obtained from HCRIS. 17 All costs were adjusted for inflation using the consumer price index and are reported in 2006 US dollars. Postdischarge survival for each hospitalization was obtained from death dates reported in the Medicare Denominator file.
Analysis
Variables are reported as means and standard deviations, medians and interquartile ranges, or frequencies and percentages. We tabulated long-term acute care transfer rates as a proportion of all ICU-related discharges over time. We separately examined transfer rates in the subgroup of patients requiring mechanical ventilation in the short-stay hospital, for we hypothesized that long-term acute care utilization would be especially high in this group. We graphed trends in the total number of long-term acute care hospitals and total associated costs over time. We examined the age-standardized sexand race-specific incidence of longterm acute care transfer over time using population data from the US Census. These subgroups were specified a priori.
We tested the statistical significance of temporal trends using linear, logistic, or Poisson regression, as appropriate. Year-specific differences in population-adjusted long-term acute care utilization between sex and racial groups were evaluated using a 2 test. To evaluate whether changes in population-adjusted incidence over time differed between sex and racial groups, we fit interaction terms between groups and time in our regression models.
To examine patient demographics, clinical characteristics and outcomes between periods, we grouped years into 3 periods, 1997-2000, 2001-2003, and 2004-2006 . We tested differences between periods using 2 tests, analysis of variance, or Kruskal-Wallis tests, as appropriate. However, due to the large sample size, we evaluated differences between periods based on clinical as well as statistical significance. Oneyear mortality after transfer to a longterm acute care hospital was evaluated using Kaplan-Meier curves, both for all patients and patients categorized by mechanical ventilation use (none, ventilation at the originating hospital only, or ventilation at both the LONG-TERM ACUTE CARE HOSPITAL USE AND CRITICAL ILLNESS originating hospital and the longterm acute care hospital). This analysis was performed for 2006 only. Differences in the survival functions between ventilation groups were evaluated using the log-rank test. For the demographic and survival analyses, we examined only the first transfer for each patient.
Statistical analyses were performed using SAS software version 9.1 (SAS Institute Inc, Cary, North Carolina) and Stata 11.0 (Stata Corp, College Station, Texas). All tests are 2-tailed, and a P value of Յ.05 was considered significant.
RESULTS
There were 18 690 469 eligible hospitalizations involving an ICU stay during the study period. The overall number of Medicare ICU admissions declined each year, from 1 901 630 in 1997 to 1 637 581 in 2006 (TABLE 1 ). Yet during that time, the absolute number of long-term acute care transfers, as well as transfers as a proportion of all ICU discharges, steadily increased. Critical care hospitalizations ending in transfer to a long-term acute care hospital increased from 13 732 (0.7%) in 1997 to 40 353 (2.5%) in 2006 (PϽ.001). During that time, the percentage of critical care hospitalizations ending in transfer to skilled nursing or rehabilitation facility also increased, while the percentage of critical care hospitalizations ending in discharge to home decreased. Mortality rates were relatively constant.
Among patients receiving invasive mechanical ventilation (n = 2 380 881; 12.7% of total), ICU hospitalizations ending in a long-term acute care transfer increased from 7126 of 217 514 critical care hospitalizations (3.3%) in 1997 to 19 781 of 227 152 critical care hospitalizations (8.7%) in 2006 (PϽ.001). During that time, the percentage of critical care hospitalizations involving mechanical ventilation ending in discharge to home decreased, while other discharge dispositions (skilled nursing or rehabilitation facility, death) remained relatively constant.
The increase in the number of transfers was reflected in an increase in the number of long-term acute care hospitals, long-term acute care beds, and long-term acute care-associated costs following critical illness (FIGURE 1). The number of long-term acute care hospitals increased at a mean rate of 8. We observed similar increases in the age-adjusted incidence of long-term acute care hospital transfer at the population level (FIGURE 2). Transfers after critical illness increased from 38.1 per 100 000 capita in 1997 to 99.7 per 100 000 capita in 2006 (P Ͻ .001). The age-adjusted incidence of transfers was higher for male individuals and black individuals in all periods (P Ͻ .001). Race differences were particularly large, with black individuals consistently experiencing more than twice the transfer rate as white individuals. For example, in 2006 the age-adjusted transfer rate was 182.0 per 100 000 for black individuals compared with 89.6 per 100 000 for white individuals. The rate of increase was not different by sex (P value for interaction term: 0.60) or race (P value for interaction term: 0.10).
Patient characteristics over time are shown in TABLE 2. Age, sex, and racial distribution and length of stay prior to transfer varied little over the study period. However, the incidence of comorbid conditions, the incidence of sepsis at the originating One-year mortality was poor, ranging from 48.2% to 52.2% over the study period. Compared with other patients, lower survival was observed for patients receiving mechanical ventilation at the long-term acute care hospital (FIGURE 3, data for 2006 only, n = 38 423). One-year mortality was 46.2% for patients who never received mechanical ventilation (n = 18 660), 48% for patients who received mechanical ventilation in short-stay hospitals only (n = 8068), and 69.1% for patients who received mechanical ventilation in both short-stay hospitals and the long-term acute care hospitals (n = 11 695; P Ͻ .001 using log-rank test).
COMMENT
In the first, to our knowledge, national longitudinal study of long-term acute care hospital admissions, we found that these hospitals are an increasingly common discharge location following an episode of critical illness, even as overall Medicare ICU utilization decreases. The number of these hospitals doubled, and critical care hospitalizations ending in longterm acute care transfer and longterm acute care−related costs more than tripled during the 10-year study period. Over time transferred patients had higher numbers of comorbidities and were more likely to receive mechanical ventilation at the long-term acute care hospital, likely representing a trend toward sicker patients increasingly being transferred for ventilator weaning. Survival after transfer was generally poor, with the poorest outcomes among patients receiving mechanical ventilation at the long-term acute care hospital.
Despite this substantial increase in long-term acute care utilization over the years, there is surprisingly little clinical evidence in support of long-term acute care hospitals as a model of care for patients recovering from critical illness. Long-term acute care hospitals are only one of several available care models for these patients. For the most severely ill patients, these hospitals are an alternative to step-down units or continued care in an acute care ICU. For the less severely ill, they are an alternative to care in a skilled nursing or inpatient rehabilitation facility.
Whether these hospitals meaningfully improve outcomes for either patient group is unknown. They might favorably influence outcomes by providing clinicians experienced in the care of the chronically critically ill, 18 or might negatively influence outcomes by offering less intense clinician staffing 19 and by fragmenting the episode of acute care. 20 To date, 
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observational studies evaluating outcomes in long-term acute care hospitals demonstrate mixed results, in general suggesting that they do not improve long-term survival. 21, 22 Our findings highlight the need for additional research into the clinical effectiveness of long-term acute care hospitals. Observational studies and perhaps even randomized clinical trials are necessary to determine the potential clinical benefit of transfer.
In the absence of demonstrated efficacy, long-term acute care hospital expansion may possibly be driven by financial incentives that favor out-ofhospital transfer after critical illness. Compared with short-stay hospitals, long-term acute care hospitals operate with relatively high margins and are a profitable sector of the health care market. 23 Additionally, under prospective payment, short-stay hospitals financially benefit by discharging patients with severe acute illness early in their course.
24 Short-stay hospitals also may financially benefit by having more ICU beds available for more profitable cases such as elective surgeries. Economic evaluations of long-term acute care hospital use generally show that transfers are cost-saving for short-stay hospitals. 21, 22 However, the overall economic effect on society are unknown.
These issues have important implications for health care beyond just longterm acute care hospitals. Organizational innovations supported by unplanned financial incentives can significantly change the health care system, even in the absence of demonstrated effectiveness. Other recent examples include physician-owned specialty hospitals, retail clinics, and home health services. [25] [26] [27] In an era of constrained resources, it is important to recognize how current payment systems can drive rapid increases in some health sectors, potentially increasing costs without favorably affecting quality. Centers for Medicare & Medicaid Services acknowledged this tension in the long-term acute care sector by instituting a moratorium on new long-term acute care hospitals in 2007. However, this moratorium will expire in late 2010, bringing these issues to the policy forefront once again.
We observed significantly higher utilization of long-term acute care among black patients than among 29 and are less likely to favor withdrawal of lifesustaining measures in the ICU. 30 The possibility that long-term acute care hospitals are used as an alternative to withdrawal of support in the ICU among patients with poor prognoses warrants further study. Other potential explanations for this finding include a higher incidence of critical illness among black individuals 31 or a higher concentration of these hospitals in urban areas.
We also observed poor 1-year survival among Medicare beneficiaries transferred to long-term acute care hospitals. The mortality rates we observed are substantially higher than the general population of Medicare ICU survivors, in which 1-year survival is 21.5%. 32 Our findings confirm previous reports in smaller cohorts demonstrating that 1-year survival of patients requiring prolonged mechanical ventilation ranging from 49% to 77%. [33] [34] [35] [36] [37] [38] Many patients transferred to long-term acute care hospitals for ventilator weaning are not successfully weaned from respiratory support, and either become ventilator dependent or die in the acute care setting. 39 Yet data suggest that patients, families, and physicians may not fully understand the extent of the poor prognosis of this population. 40 Strategies to improve both prognosis and communication about prognosis are needed to ensure that decision makers do not have unreasonable expectations surrounding long-term acute care.
In contrast to increasing long-term acute care hospital utilization, we found that overall Medicare ICU admissions appear to have decreased over time. This finding is likely due to a decrease in the number of US hospitals providing critical care with a subsequent centralization of ICU sevices. 41 As critical care becomes more centralized, patients with moderately severe illnesses in small hospitals may receive care on hospital wards rather than in ICUs. Our findings reflect those of a previous study showing that Medicare accounts for a smaller proportion of US critical care as a whole. 41 Our study has several limitations. First, we studied only data on fee-forservice Medicare beneficiaries. Although this means that we missed some long-term acute care hospital transfers, Medicare is the payer for approximately 70% of all long-term acute care discharges. 8 Additionally, MedPAR is the only national data set of these discharges. Any all-payer study would necessarily be limited to specific regions and may not fully capture national trends. Nevertheless our analyses may underestimate long-term acute care utilization and costs. Second, we studied only transfers after an episode of critical illness. Many patients are transferred after hospitalizations that do not involve an ICU stay. We chose to focus on post-ICU utilization because these patients have high illness acuity compared with other hospitalized patients and therefore may be most likely to benefit from a long-term acute care stay. The role of these hospitals in the care of patients with low severity of illness warrants additional study.
The clinical and economic burden of patients with chronic critical illness is significant and likely to expand with the aging of the population and advances in critical care that increase patient survival. Long-term outcomes of the chronically critically ill are poor, with substantial need for new approaches to their care. We demonstrate that longterm acute care hospitals play an increasingly important role in patients with chronic critical illness, despite scant data to guide decision making about transfer or inform policy decisions about whether to support or restrict this rapidly growing cost center. Our results underscore the capability of the medical system to adopt new organizational innovations and highlight the need for a diverse program of 
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Survival, % LONG-TERM ACUTE CARE HOSPITAL USE AND CRITICAL ILLNESS comparative effectiveness research to determine the optimal organization of care for patients recovering from critical illness, including the best way to maximize survival and control costs for this high-risk patient group.
